Summary Serial determinations of serum alpha-foetoprotein (AFP) concentrations are well established in monitoring the response to therapy of malignant germ cell tumours. Using a radioimmunoassay (RIA) with a sensitivity down to 2 kuI-1 the majority (57%) of 28 patients with non-AFP producing germ cell tumours had measurable immunologically-reactive AFP in their serum while on treatment. Follow-up for 11-43 months (mean 27) without evidence of tumour activity indicated that this immunologically-reactive AFP was unlikely to be produced by tumour. In patients where the initial serum AFP was raised prior to chemotherapy the AFP concentration did not fall to the normal range at the end of the treatment in 16 (32%) of 41 patients. Follow-up of these patients for 9-48 months (mean 27) has resulted in 5 (12%) relapses in this group. Serum AFP >20 ku I1 three months after stopping chemotherapy was a good indicator of residual active tumour and 4 (57%/) of 7 patients in this group relapsed. The production of detectable serum AFP is probably related to the type of chemotherapy used and only 7 (14%) of 51 patients treated for gestational choriocarcinoma had detectable AFP concentrations while on cytotoxic chemotherapy. The problem of interpretation of serum AFP concentration in patients with malignant germ cell tumour stresses the need to determine whether there are differences between AFP produced by germ cell tumours and that produced at other sites as a basis for a sensitive assay system able to discriminate between them.
AFP is a glycoprotein with a molecular weight of 70K daltons. It is produced in several physiological and disease states and is a normal component of human foetal serum. It is produced in certain liver diseases, notably hepatocellular carcinoma (McIntire et al., 1972) and in situations where there is hepatic regeneration (Bloomer et al., 1973; Elgort et al., 1973; Masopust et al., 1968; Waldmann et al., 1974) .
AFP is now used routinely with human chorionic gonadotrophin (hCG) in the diagnosis of anaplastic germ cell tumours and in monitoring their response to therapy and follow-up. The production of AFP by germ cell tumours is closely associated with the histological finding of yolk sac or embryonal elements (N0rgaard-Pedersen et al., 1975; Kurman et al., 1977; Talerman et al., 1977; Grigor et al., 1977) . A high serum concentration of AFP in the absence of liver disease or pregnancy is likely to be due to an anaplastic germ cell tumour or some other AFP-producing tumour. When present the serum concentration of AFP correlates well with the body burden of AFP-producing cells. However, with more intensive and successful chemotherapy in the management of patients with metastatic germ cell tumours, this has raised problems of interpretation since AFP concentrations above the normal range may not reflect residual tumour.
Correspondence: E.S. Newlands Received 25 April 1983; accepted 19 June 1983 The normal serum concentration of AFP has been variously quoted as <20 ku 11 (Javadpour, 1980) ; usually <16kul1-and always <40kul1- (Pearson et al., 1979) ; <30kul-' (Catalona, 1979) and <20 ku 1- (Adinolfi, 1979) .
Patients and methods

Radioimmunoassay
Serum AFP was assayed by a conventional liquid phase, second antibody-precipitated radioimmunoassay using a rabbit anti-AFP and sheep anti-rabbit antibodies. The rabbit anti-AFP was raised against AFP from foetal cord serum. The normal range of this assay is considered to be <10kul-and most assays are sensitive down to 2kul-'. In a group of 2918 subjects the mode was 2 ku 1-(64.3%). Ninety-five percent of these samples had values of <10kul1-and 99% were <16kul1-. This group excluded those who were pregnant but a high proportion were known to have cancers not producing AFP.
We have reviewed the AFP concentrations in a group of consecutive patients who had completed combination chemotherapy for metastatic malignant germ cell tumours and gestational trophoblastic tumours. Included in this analysis are ovarian and other primary sites), seminomas and dysgerminomas. The patients with malignant germ cell tumours were treated with sequential combination chemotherapy using cis-platinum, vincristine, methotrexate, bleomycin, actinomycin D, cyclophosphamide and etoposide (POMB/ACE) which has been described previously (Newlands et al., 1980; 1983) . There were 51 patients treated for gestational trophoblastic tumours. They were categorised according to established risk factors (Bagshawe, 1976 Bagshawe, 1981; Newlands & Bagshawe, 1982) . While on chemotherapy all these 120 patients have had twice weekly serum estimations of AFP and human chorionic gonadotrophin (hCG).
Results
Since gestational trophoblastic tumours do not produce AFP, the 51 patients were studied as a control group of patients on varying intensities of cytotoxic chemotherapy. The serum AFP concentrations are shown in Table I The patients with malignant germ cell tumours were divided into 2 groups. In the first there were 28 patients whose initial serum concentration of alpha-foetoprotein prior to chemotherapy was <10kul-1. The results in these patients are summarised in Table II bOne patient relapsed with hCG-producing tumour and is in remission after further treatment.
background between 2 and 10 ku l-'. We regard serum concentrations of AFP between 10 and 20kul-1 as abnormal so long as patients are not receiving or have not recently received cytotoxic chemotherapy. The results in the patients with gestational trophoblastic tumours indicate that a proportion (10%) of patients can have slight increases in AFP concentrations on chemotherapy to between 10 and 20kul-1 but is unusual for serum concentrations to rise to higher levels on the chemotherapy that these patients received. This contrasts with patients with malignant germ cell tumours receiving POMB/ACE chemotherapy. In the group where the initial serum concentration of AFP was <10kul-' as many as 57% of patients had serum concentrations >10kul-1. In those patients with rises in serum concentrations of AFP on chemotherapy, the AFP remained elevated for some months after completing treatment but there was usually a progressive fall in AFP with time.
However not all these patients' AFP concentrations have yet fallen to <10 ku I-; with a follow-up time 11-43 months (mean 27) it is unlikely that these serum concentrations of AFP are detecting tumourproduced AFP. The most likely interpretation is that the cytotoxic chemotherapy is stimulating the production of AFP in other tissues than the tumour. The source of the AFP detected may be from hepatic damage and regeneration from the cytotoxic chemotherapy. This is supported by the association of the transient rises in AFP with rises in the serum transaminases (Figure 3 ). In one patient whose AFP rose to >300 ku 1-after completing chemotherapy the liver biopsy showed acute hepatitis compatible with drug-induced toxicity. This patient's AFP is now falling progressively towards the normal range. between 10 and 30 ku l-'. We have used the criterion of 12 weeks in which AFP concentrations are in this range before stopping chemotherapy provided that all other parameters of the disease are consistent with complete remission. Using these criteria there have only been 4 relapses in AFPproducing tumour in this group of 41 patients. All these 4 patients initially fell into a high-risk group as defined by an initial serum AFP concentration of >500 ku l-1 prior to starting chemotherapy (Newlands et al., 1983) .
These results emphasise the need for a biochemical test which can discriminate between tumour-produced AFP and AFP produced by other tissues in the body. Although the AFP produced by tumour and other tissues may be immunologically cross-reactive, it may be possible to separate AFP produced by different tissues by other means. There is evidence that AFP occurs as two different molecular variants which can be separated by their affinity for concanavalin-A (Smith & Kelleher, 1973) . Unfortunately assessment of this method in our department showed that it is not sensitive enough to be applied at the concentrations of AFP which present the clinical problems discussed above (T. Adams, unpublished observations). Another possibility is to use radio-crossed immunoelectrophoresis which can detect 1 ku -' AFP (NqrgaardPedersen & Axelsen, 1976) . With this method an AFP-like substance with a gamma mobility has been identified which is measured by conventional radioimmunoasgay and can reach concentrations comparable to those reported here.
